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Long non-coding RNA DHRS4 antisense RNA 1 inhibits ectopic endometrial cell
proliferation, migration, and invasion in endometriosis by regulating
microRNA-139-5p expression
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ABSTRACT

Endometriosis is an estrogen-dependent chronic gynecological syndrome. Recent studies have shown
that long non-coding RNAs participate in the pathogenesis and development of endometriosis. This
study aimed to explore the mechanisms of DHRS4 antisense RNA 1 (DHRS4-AS1) in endometriosis.
Dual-luciferase reporter assays were conducted to determine the relationship between DHRS4-AS1,
microRNA (miR)-139-5p, and arrestin domain-containing 3 (ARRDC3). Furthermore, the expression of
DHRS4-AS1 and miR-139-5p in ectopic endometrial stromal cells (EC-ESCs) and endometriosis tissues
was examined using reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Additionally, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT), flow cytome-
try, and Transwell assays were performed to evaluate the proliferation, apoptosis, and migration and
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invasion of EC-ESCs, respectively. Western blotting and RT-qPCR were further utilized to determine
cleaved-Caspase 3, Caspase 3, and matrix metalloproteinase 9 (MMP-9) expression levels. Compared
with the EN group, DHRS4-AS1 levels were lower and miR-139-5p levels were higher in EC-ESCs and
tissues obtained from patients with endometriosis. Functional assays validated that DHRS4-AS1
targets miR-139-5p, with ARRDC3 being a downstream target of miR-139-5p. Rescue experiments
demonstrated that DHRS4-AS1 inhibited EC-ESC proliferation, migration, and invasion, but promoted
apoptosis, by targeting miR-139-5p in endometriosis. cleaved-Caspase3 expression level and the
cleaved-Caspase 3/Caspase 3 ratio increased, while the expression levels of MMP-9 decreased, after
transfection with DHRS4-AS1 overexpression plasmids; however, the effects induced by DHRS4-AS1
overexpression could be partially reversed by co-transfection with the miR-139-5p mimic. The current
study demonstrates that the DHRS4-AS1/miR-139-5p/ARRDC3 axis participates in the regulation of
EC-ESC function.
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Introduction

Endometriosis constitutes the growth of active
endometrium outside the uterine cavity [1]. It is
an estrogen-dependent chronic gynecological dis-
order with cellular dysfunction [2]. The ubiquity
of endometriosis has been estimated to be ~10-
15% in women of reproductive age, and it
increases to 70% in patients with chronic pelvic
pain [3]. Periodic bleeding of the ectopic endome-
trium (EC) leads to inflammatory infiltration
within the affected area, producing adhesions and
scarring and causing a series of symptoms, such as
dysmenorrhea, chronic pelvic pain, and infertility
[4]. Similar to malignant tumors, endometriosis
can grow widely and invasively [5]. Currently,
laparoscopy is regarded as the gold standard for
the diagnosis of endometriosis [6]. However, the
invasiveness of laparoscopy, coupled with a lack of
sensitive and specific biomarkers, has resulted in
an average time of 6-7 years from symptom onset
to diagnosis [7]. A delayed diagnosis may have an
unfavorable impact on disease progression.
Clinical treatments for endometriosis include
pharmacological and surgical interventions, with
surgical and adjunctive pharmacological treat-
ments being the most common [8]. However, the
effect of treatment is often unsatisfactory, with
patients exhibiting high recurrence and low cure
rates [9]. Therefore, the further in-depth study of
the pathogenesis and pathology of endometriosis is
necessary to explore and develop effective clinical
treatment methods and evaluate treatment effects
and prognosis.

Although endometriosis is categorized as
a benign disease, it also displays ordinary features
of malignant tumors, such as unlimited growth,
infiltration and destruction of surrounding tissues,
and local or distant metastasis [10]. In addition,
the migration and invasion characteristics of ecto-
pic endometrial stromal cells (EC-ESCs) are
almost identical to those of malignant cancer
cells [11,12]. To date, the molecular mechanisms
underlying the proliferation, migration, and inva-
sion characteristics of EC-ESCs remain unclear.

Recently, long non-coding RNAs (IncRNAs) have
been shown to perform vital functions in various
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diseases, including endometriosis [13,14]. Various
IncRNAs have been reported to be involved in the
pathogenesis and progression of endometriosis. For
example, Mai et al. [15] revealed that long intergenic
non-protein coding RNA 1541 decreased in ectopic
tissues with endometriosis, inhibiting ESC prolifera-
tion, migration, and invasion, in addition to the
microRNA  (miRNA/miR)-506-5p/Wnt/p-catenin
pathway. Feng et al. [16] also observed decreased
expression of IncRNA MALAT1 in human ESCs,
promoting ESC apoptosis via the miR-126-5p/
CAMP responsive element binding protein 1/
PI3K/AKT signaling axis. However, to the best of
our knowledge, the role of the IncRNA DHRS4
antisense RNA 1 (DHRS4-AS1) in EC-ESCs and
endometriosis remains unknown.

Furthermore, miRNAs are non-coding, single-
stranded RNAs consisting of only 20-23 nucleo-
tides [17]; they are commonly found in eukaryo-
tic organisms that play essential roles in various
diseases [18]. By binding to the 3’-untranslated
regions of mRNAs, miRNAs directly induce the
degradation of target mRNAs, thus participating
in the regulation of a variety of cellular functions
[19]. It has been determined that miRNAs are
ideal biomarkers that exhibit high stability, spe-
cificity, and sensitivity and can be utilized for the
early diagnosis and prognosis of various diseases
[20,21]. In a previous study, Rekker et al. [22]
observed that miR-139-5p levels were signifi-
cantly augmented in EC-ESCs compared to euto-
pic cells. However, the underlying mechanisms of
miR-139-5p in regulating endometriosis develop-
ment remain to be clarified.

Additionally, IncRNA DHRS4-AS1 has been
reported to perform essential functions in regu-
lating cancer cell proliferation, migration, and
invasion [23-25]. The IncRNA DHRS4-AS1 may
play a vital role in regulating the proliferation,
migration, and invasion characteristics of EC-
ESCs, thus participating in endometriosis.
Through bioinformatic analysis, we identified
the binding sites between IncRNA DHRS4-AS1
and miR-139-5p. Therefore, we hypothesized
that DHRS4-AS1 may be involved in the occur-
rence and development of endometriosis by reg-
ulating miR-139-5p. And this study investigated
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the abnormal expression and underlying mechan-
ism of DHRS4-AS1 and miR-139-5p in endome-
triosis to understand the diagnosis and treatment
of endometriosis.

Materials and methods
Specimen collection

This study was approved by the Ethics
Committee of the Affiliated Huai’an Hospital of
Xuzhou Medical University and performed in
compliance with the Declaration of Helsinki
[26]. Prior to enrollment, written informed con-
sent was obtained from each patient. Patients
with endometriosis (n = 15) or uterine leio-
myoma (UL; n = 15) who underwent surgical
treatment at the Affiliated Huai’an Hospital of
Xuzhou Medical University between April 2017
and December 2020 were enrolled in the current
study. Endometriosis was diagnosed by histo-
pathological examination. Suspicion for endome-
triosis was raised by symptoms and ultrasound
examination by transvaginal ultrasound and con-
firmed by histopathological examination. The
golden standard for endometriosis detection is
histological confirmation. Ectopic or eutopic
endometrial specimens were obtained from
women aged 20-45 under regular menstruation
without any hormone treatment within the last
six months. The inclusion criteria for endome-
triosis patients were as follows: i) patients in the
mid-to-late proliferative phase of the disease
[27], and ii) patients who had not received hor-
monal treatment 6 months prior to surgery.
Patients with the following syndromes were
excluded: i) severe liver, heart, lung, and kidney
diseases; ii) pregnant or lactating women; iii)
autoimmune diseases or any malignant tumors;
and iv) complicated endocrine disorders or other
gynecological diseases (gynecological diseases
other than endometriosis).

Endometrial samples obtained from 15
patients with UL were used as the controls.
The EC and eutopic endometrium (EU) were
collected from 15 patients with endometriosis
after surgical treatment. EC is considered an
endometriotic lesion outside the cavity obtained

via surgery (open or laparoscopic approach).
The EU is defined as the non-pathological endo-
metrium inside the cavity obtained through
diagnostic curettage, a surgical intervention.

Cell culture and transfection

ESCs were isolated from the EC-ESCs and euto-
pic endometria (EU-ESCs) of 10 patients with
endometriosis, as described previously [28,29].
ESCs from endometrial samples of 10 patients
with UL were also isolated. Briefly, tissue sam-
ples were digested with 0.1% type IV collagenase
solution and 0.25% trypsin at 37°C for 2 h,
washed three times with PBS, and dissected.
ESCs were separated from epithelial cells and
debris using 150- and 37.4-pm sieves. The purity
of ESCs was analyzed following the third pas-
sage, and ESCs with >99% purity were selected
for subsequent experiments. EC-ESCs, EU-ESCs,
and EN-ESCs were cultured in F12/Dulbecco’s
modified Eagle’s medium (DMEM) (Thermo
Fisher Scientific, Inc.) supplemented with 10%
fetal bovine serum (FBS) (Invitrogen; Thermo
Fisher Scientific, Inc.) and incubated in 5%
CO, at 37°C.

Additionally, 293 T cells were attained from
The American Type Culture Collection and cul-
tured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS
and 1% penicillin-streptomycin in a humidified
atmosphere with 5% CO, at 37°C.

The miR-139-5p mimic (5°-
UCUACAGUGCACGUGUCUCCAG-3’)
mimic control (5°-
UCUCCGAACGUGUCACGU-3’) were obtained
from Shanghai GenePharma Co., Ltd. Full-length
DHRS4-AS1 was amplified via polymerase chain
reaction (PCR) and sub-cloned into the
pcDNA3.1 empty vector (Guangzhou RiboBio
Co., Ltd.) to construct the DHRS4-AS1 overex-
pression plasmid. The 100-nM miR-139-5p
mimic, 100-nM mimic control, 1-ug DHRS4-
AS1 plasmid, and 1-pg control plasmid were
transfected into EC-ESCs using Lipofectamine®
3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer’s instruc-
tions. Untreated cells were used as controls.

and



RNA isolation and reverse
transcription-quantitative PCR (RT-qPCR)
analysis

Total RNA was isolated from the tissues and cells
using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) and purified using a NanoDrop
spectrophotometer. RNA was reverse-transcribed
into cDNA using a ¢cDNA synthesis kit (Takara
Bio, Inc.) according to the manufacturer’s proto-
col. Then, qPCR analysis was conducted using
a 7500 ABI Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) with
a SYBR Green kit (Takara Bio, Inc.) under the
following thermocycling conditions: 95°C for 5
min, followed by 35 cycles of 95°C for 20s, and
65°C for 45s. The experimental results obtained
from the PCR were normalized to U6 or glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
using the 27229 method [30]. Primer sequences
were obtained from Sangon Biotech (Shanghai,
China) and verified using BLAST. Primer sequences
were as follows: DHRS4-AS1 forward, 5'-
GGAGGCTGAGGCAGGAGAAT-3', and reverse,
5'-GCTAGTCTGGTCACCTCTGGAT-3"; GAPDH
forward, 5-CACCCACTCCTCCACCTTTG-3" and
reverse, 5-CCACCACCCTGTTGCTGT AG-3}
miR-139-5p forward, 5-GCCTCTACAGTGCAC
GTGTCTC-3' and reverse, 5-CGCTGTTCTCAT
CTGTCTCGC-3'; MMP-9 forward, 5-GCATAAG
GACGACGTGAATGGC-3'" and reverse, 5'-CGGT
GTGGTGGTGGTTGGAG-3'; and U6 forward, 5'-
CTCGCTTCGGCAGCACA-3', and reverse, 5'-
AACGCTTCACGAATTTGCGT-3'.

Western blot assay

Protein expression was detected using western blot
assay [31]. Cells were lysed in radioimmunopreci-
pitation assay lysis buffer, and the protein concen-
tration was measured using a bicinchoninic acid
kit (Beyotime). Subsequently, ~25 ug of protein
was separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred
onto  polyvinylidene  fluoride = membranes
(Millipore Sigma). After blocking with 5% nonfat
milk for 50 min at room temperature, the mem-
branes were probed with the following primary
antibodies at 4°C overnight (all Abcam): rabbit
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anti-cleaved caspase-3 (cat. no. ab2302; 1:1,000),
rabbit anti-caspase-3 (cat. no. ab32351; 1:2,000),
rabbit anti-MMP-9 (cat. no. ab76003; 1:1,000),
and rabbit anti-GAPDH (cat. no. ab9485;
1:1,000). The membranes were then incubated
with pre-adsorbed goat anti-rabbit IgG H&L
(HRP) (cat. no. ab7097; 1:1,000; Abcam) for 1 h
at room temperature. An enhanced chemilumines-
cence kit (Thermo Fisher Scientific, Inc.) was used
to detect the bands, with GAPDH serving as the
loading control.

MTT assay

Cell proliferation was assessed using the MTT
assay [32]. Cells were inoculated into 96-well-
plates at a density of 3,000 cells/well and cultured
in an incubator for 12 h at 5% CO, and 37°C.
After 48 h of cell transfection, the MTT reagent
(10 uL/well) was added to each well and further
incubated at 37°C for 2 h. Optical density was
measured at 570 nm using a microplate reader.
Three replicate experiments were performed for
the MTT assay, after which the proliferation of
each group was calculated.

Flow cytometry analysis

Cell apoptosis was determined using the Annexin
V-FITC Apoptosis Detection Kit (Beyotime),
according to the manufacturer’s protocol [33].
Samples were resuspended in binding buffer and
incubated with 5 uL of Annexin V-FITC and 10 pL
of propidium iodide reagent at room temperature
in the dark for 15 min. Flow cytometry (BD
Biosciences) with Kaluza analysis software (version
2.1.1.20653; Beckman Coulter, Inc.) was used to
evaluate the number of apoptotic cells.

Transwell assay

Cell migration and invasion were evaluated using
a Transwell assay [34]. After cell digestion and
centrifugation at 4°C at 10,000 x g for 15 min,
cells were resuspended in serum-free F12/DMEM
medium and diluted to a density of ~ 2 x 105 cells.
For migration and invasion, 200 pL of the cell
suspension was carefully inoculated into the
upper chamber of a Transwell insert (without or
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with Matrigel). A total of 700 pL of the medium
containing 10% FBS was added to the lower cham-
ber. Transwell chambers were then carefully
placed into 24-well culture plates and incubated
at 37°C and 5% CO,. After 24 h, the cell suspen-
sion within the chambers was aspirated, discarded,
and washed twice with sterile PBS. Non-migratory
and noninvasive cells were gently removed using
cotton swabs. The remaining cells were fixed in 4%
paraformaldehyde at room temperature for 30 min
and then stained with 0.1% crystal violet at room
temperature for 30 min, after which the stained
cells were observed under a light microscope
(Olympus Corporation; magnification, x200).

Dual-luciferase reporter assay

The potential binding sites between miR-139-5p
and DHRS4-AS1 were predicted using bioinfor-
matics software (StarBase: http://starbase.sysu.
edu.cn/). Wild-type (wt) and mutant (mut)
DHRS4-AS1 were constructed based on the pre-
dicted binding sites and cloned into the dual-
luciferase vector pmiGLO (cat no. VT1439;
YouBio Biology). Then, 293 T cells were inocu-
lated into 96-well-plates at a density of 1 x 10*
cells/well and co-transfected with DHRS4-AS1-wt
or DHRS4-AS1-mut and miR-139-5p mimic or
mimic control wusing Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.). After
co-transfection for 48 h, a dual luciferase assay kit
(Promega Corporation) was used to detect the
luciferase activity of the samples, in accordance
with the manufacturer’s instructions. Relative luci-
ferase activity was normalized to that of Renilla
luciferase [35].

The potential binding sites between miR-139-5p
and arrestin domain-containing 3 (ARRDC3) were
predicted  using  bioinformatics  software
(TargetScan: http://www.targetscan.org/vert_72/).
A dual-luciferase reporter assay was performed to
verify the binding sites between miR-139-5p and
ARRDCS3, as described above.

Statistical analysis

All experiments were repeated at least three times.
Data are presented as mean + standard deviation
and were analyzed using GraphPad Prism software

a
DHRS4-AS1-WT 5’AGUGGUGACA - - - - - ACUGUAGUSZ’
miR-139-5p 3'UGACCUCUGUGCACGUGACAUCU5’
DHRS4-AS1-MUT 5’AGACCUCUGU ----- UGACAUCU3’
b

2 1-571&m@ mimic control

S . -

S 3 miR-139-5p mimic

©

Q h ,

o 1.0 i

5 B

= S

S e

2 .54 e

0 05 e

=] g

© %% g

Q . :I:l:l

(14 0.0 g atan

DH RS4-IAS1 -WT DHRS4-AS1-MUT

Figure 1. DHRS4-AS1 targets miR-139-5p. (a) The putative bind-
ing sites between DHRS4-AST and miR-139-5p were predicted
using StarBase. (b) A Dual-luciferase reporter assay confirmed
the targeted relationship between DHRS4-AS1 and miR-139-5p.
**P < 0.01 vs. mimic control. DHRS4-AS1, DHRS4 antisense RNA
1; miR, microRNA.

(version 6.0; GraphPad Software, Inc.). P < 0.05
was considered as the threshold for statistical
significance.

Results

Direct interaction between DHRS4-AS1 sponged to
miR-139-5p. The putative binding sites of DHRS4-
AS1 and miR-139-5p are shown in Figure la. The
dual-luciferase reporter assay validated that the
luciferase activity of the DHRS4-AS1-wt group
was significantly reduced when co-transfected
with the miR-139-5p mimic compared to co-
transfection with the mimic control group
(Figure 1b). However, no significant differences
were observed between the DHRS4-AS1-mut
groups. These results demonstrated that DHRS4-
AS1 was a target of miR-139-5p.

DHRS4-AS1 expression levels decreased, while
miR-139-5p expression levels increased in
endometrial tissues and cells

To confirm the roles of DHRS4-AS1 and miR-139-
5p in endometriosis, aberrant expression of
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Figure 2. DHRS4-AS1 levels decreased, while miR-139-5p expression was upregulated, in endometriotic tissues and cells. RT-qPCR
analysis was performed to quantify the expression levels of (a) DHRS4-AST in the EC, EU, and UL (n = 15); (b) DHRS4-AS1 in EC-ESCs,
EU-ESCs, and UL-ESCs (n = 10); (c) miR-139-5p in the EC, EU, and UL (n = 15); and (d) miR-139-5p in EC-ESCs, EU-ESCs, and UL-ESCs
(n = 10). **P < 0.01 vs. UL; ##P < 0.01 vs. UL-ESCs. DHRS4-AS1, DHRS4 antisense RNA 1; miR, microRNA; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; EC, ectopic endometrium; EU, eutopic endometrium; UL, uterine leiomyoma
endometrium as control; ESCs, endometrial stromal cells.
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Figure 3. Transfection efficiency of the DHRS4-AS1 plasmid and miR-139-5p mimic in EC-ESCs. (a) Expression level of DHRS4-AST in
EC-ESCs after transfection with DHRS4-AS1 and control plasmids was determined using RT-qPCR. (b) miR-139-5p level in the miR-139-
5p-mimic or mimic control group was determined via RT-gPCR. (c) The effect of DHRS4-AS1 on miR-139-5p expression was evaluated
by performing RT-gPCR. **P < 0.01 vs. control plasmid. ##P < 0.01 vs. mimic control. &&P < 0.01 vs. DHRS4-AS1 plasmid + mimic
control. DHRS4-AS1, DHRS4 antisense RNA 1; miR, microRNA; EC-ESCs, ectopic endometrial stromal cells; RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction.

DHRS4-AS1 and miR-139-5p in endometrial tis-  sion levels increased in EC tissues relative to UL
sues and cells was investigated. The results showed  tissues (Figure 2c).

that the expression levels of DHRS4-AS1 markedly To further elucidate the fundamental mechan-
decreased (Figure 2a), while miR-139-5p expres-  isms of DHRS4-AS1 and miR-139-5p in endome-
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Figure 4. DHRS4-AS1 inhibits the proliferation and promotes the apoptosis of EC-ESCs by targeting miR-139-5p. (a) The viability of
EC-ESCs was determined via MTT assay. (b and c) Apoptosis rate of EC-ESCs was evaluated via flow cytometry. (d) Expression levels of
apoptosis-related proteins, including cleaved caspase-3 and caspase-3, were quantified in different groups. (e) Expression ratio of
cleaved caspase-3/caspase-3 was calculated. **P < 0.01 vs. control plasmid. ##P < 0.01 vs. DHRS4-AS1 plasmid + mimic control.
DHRS4-AS1, DHRS4 antisense RNA 1; EC-ESCs, ectopic endometrial stromal cells; miR, microRNA.

triosis, ESCs were isolated from EC and EU tis-
sues. As presented in Figure 2bandd, DHRS4-AS1
expression levels significantly decreased, whereas
miR-139-5p expression levels increased, in EC-
ESCs compared to UL-ESCs.

DHRS4-AS1 inhibits proliferation and promotes
apoptosis of EC-ESCs by targeting miR-139-5p

To investigate the effects of DHRS4-AS1 on
miR-139-5p expression in EC-ESCs, EC-ESCs
were transfected with DHRS4-AS1 plasmid,
miR-139-5p mimic, or DHRS4-AS1 plasmid

+miR-139-5p mimic. As shown in
Figure 3aandb, DHRS4-AS1 expression was pro-
foundly augmented in the DHRS4-AS1 plasmid
group compared to the control plasmid group,
whereas compared to the mimic control group,
miR-139-5p expression level increased after
transfection with the miR-139-5p mimic. These
results indicated that transfection was successful.
Furthermore, DHRS4-AS1 overexpression sup-
pressed miR-139-5p expression, whereas co-
transfection with the miR-139-5p mimic antag-
onized DHRS4-AS1 plasmid-induced suppres-
sion of miR-139-5p expression (Figure 3c).



BIOENGINEERED (&) 9799

DHRS4-AS1-plasmid+
mimic control

DHRS4-AS1-plasmid+
iR-139-5p mimic
St

Number of migratory cells

DHRS4-AS1-plasmid+

DHRS4-AS1-plasmid+
DHRS4-AS1-plasmid

Control control-plasmid

Number of invasive cells

"
O & & <
, S8 S

& L ESNR é‘& Es

N N ) 22

N R X NV‘ P W oy 3]

&£ € FTEELL g2

I & X &K o %
k
B - - - e 2

Figure 5. DHRS4-AS1 suppresses the migration and invasion of EC-ESCs by inhibiting miR-139-5p expression. (a) Representative
images of the migration of EC-ESCs following transfection with DHRS4-AS1 and miR-139-5p, as determined by Transwell assay
(bar = 100 pm). (b) The calculated number of migratory cells has been presented. (c) Transwell assay was performed to elucidate EC-
ESC invasion in different groups, and representative images have been presented (bar = 100 um). (d) The calculated number of
invasive cells has been presented. MMP-9 (e) protein and (f) mRNA expression levels were determined via western blot analysis and
reverse transcription-quantitative polymerase chain reaction, respectively. **P < 0.01 vs. control plasmid. ##P < 0.01 vs. DHRS4-AS1
plasmid + mimic control. DHRS4-AS1, DHRS4 antisense RNA 1; EC-ESCs, ectopic endometrial stromal cells; miR, microRNA.

MTT and flow cytometry assays were con-
ducted to investigate the effects of both DHRS4-
AS1 and miR-139-5p on EC-ESC proliferation
and apoptosis, respectively. As presented in
Figure 4a-c, DHRS4-AS1 overexpression sup-
pressed EC-ESC viability and enhanced apopto-
sis, compared to the control plasmid group;
however, the effects induced by DHRS4-ASI
overexpression could be partly reversed by treat-

caspase-3 ratio was counteracted by co-
transfection with the miR-139-5p mimic.

DHRS4-AS1 suppresses EC-ESC migration and
invasion by sponging miR-139-5p. To determine
the effects of DHRS4-AS1 on cell migration and
invasion, transwell assay was performed

As presented in Figure 5a-d, the migration and

ment with the miR-139-5p mimic. Similarly,
after transfection with the DHRS4-AS1 plasmid,
the ratio of protein expression of cleaved cas-
pase-3 to the cleaved caspase-3/caspase-3 ratio
was augmented compared to the control plasmid
group (Figure 4dande). However, the effect of
the DHRS4-AS1 plasmid on cleaved caspase-3
protein expression and the cleaved caspase-3/

invasion of EC-ESCs was suppressed following
DHRS4-AS1 plasmid transfection, compared to
the control plasmid group; however, the observed
decrease in migration and invasion triggered by
DHRS4-AS1 plasmid transfection was reversed fol-
lowing co-transfection with the miR-139-5p
mimic. The levels of MMP-9, a migration- and
invasion-related protein, were determined. As
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proteins, including cleaved caspase-3 and caspase-3, were quantified in different groups. (e) Expression ratio of cleaved caspase-3/
caspase-3 was calculated. **P < 0.01 vs. mimic control. EC-ESCs, ectopic endometrial stromal cells; miR, microRNA.

shown in Figure 5eandf, the mRNA and protein
expression levels of MMP-9 reduced remarkably in
the DHRS4-AS1 plasmid group, compared to the
control plasmid group. However, co-transfection
with the miR-139-5p mimic increased MMP-9
expression level, compared with that in the
DHRS4-AS1 plasmid group.

miR-139-5p promotes proliferation and inhibits
apoptosis of EC-ESCs

To investigate the effects of miR-139-5p in EC-
ESCs proliferation and apoptosis, EC-ESCs were
transfected with mimic control or miR-139-5p
mimic. As shown in Figure 6, compared with the
mimic control group, miR-139-5p mimic signifi-
cantly enhanced EC-ESC viability (Figure 6a),
reduced cell apoptosis (Figure 6bandc), and inhib-
ited cleaved-Caspase 3 protein expression and the
ratio of  cleaved-Caspase = 3/Caspase 3
(Figure 6dande).

miR-139-5p enhances EC-ESC migration and
invasion. To investigate the effects of miR-139-5p
in EC-ESC migration and invasion, Transwell
assay was performed. The data indicated that com-
pared with the mimic control group, miR-139-5p
mimic significantly enhanced EC-ESC migration
(Figure 7aandb) and invasion (Figure 7candd),
and promoted MMP-9 protein and mRNA expres-
sion (Figure 7eandf) in EC-ESCs.

ARRDC3 is a target gene of miR-139-5p

Using the TargetScan online bioinformatics tool,
putative binding sites between ARRDC3 and miR-
139-5p were identified (Figure 8a). A dual-
luciferase reporter assay was performed to validate
the relationship between miR-139-5p and
ARRDC3. As presented in Figure 8b, luciferase
activity was significantly decreased in the miR-
139-5p mimic and ARRDC3-wt co-transfection
group compared with that in the mimic control
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and ARRDC3-wt groups. Furthermore, no signifi-
cant differences were observed between the
ARRDC3-mut groups. Collectively, these results
confirm the relationship between miR-139-5p
and ARRDCS3.

Discussion

Endometriosis, the cause of dysmenorrhea, chronic
pelvic pain, and infertility, is defined as the pre-
sence and active growth of endometrial tissue out-
side the uterine cavity [36]. Endometriotic tissues
and cells have biological functions similar to those

of malignant cells, such as abnormal proliferation,
invasion, metastasis, and apoptosis resistance [37].
The main differences between EC-ESCs and normal
ESCs are enhanced migration and invasion, over-
growth, and enhanced epithelial-mesenchymal tran-
sition [38]. Endometriosis has a high recurrence
rate, even with the complete surgical removal of
lesions [39]. Additionally, the mechanism of recur-
rence remains unknown. It has been generally con-
sidered that the development and recurrence of
endometriosis are associated with the proliferation,
infiltration, metastasis, and other tumor-like biolo-
gical behaviors of lesions [39]. No early diagnostic
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tools or radical treatments have been developed for
this disease. The reason for this phenomenon is that
the symptoms and complexity of its pathogenesis
are diverse. Therefore, identifying novel therapeutic
targets for endometriosis is crucial.

Additionally, IncRNAs and miRNAs are involved
in diverse biological processes such as cell prolifera-
tion, differentiation, chromosome remodeling, epige-
netic regulation, transcriptional modification, and
post-transcriptional modification [40]. Moreover,
miR-139-5p has been determined to be a pivotal reg-
ulator in diverse diseases [41-49]. A previous study
reported that miR-139-5p is abundantly expressed in
endometriosis [22]. Consistent with this study, our
results showed that miR-139-5p expression was upre-
gulated in endometriotic tissues and cells. Moreover,
the upstream and downstream targets of miR-139-5p
were predicted using StarBase and TargetScan and
confirmed using a dual-luciferase reporter assay. The
results revealed that DHRS4-AS1 and ARRDC3 have
a targeted relationship with miR-139-5p.

Accumulating evidence suggests that IncRNAs may
act as miRNA sponges at the post-transcriptional
level, repressing miRNA expression and regulating
mRNA expression at the post-transcriptional level
[50,51]. In the present study, after confirming that
DHRS4-ASI is an upstream target of miR-139-5p,

a significant downregulation of DHRS4-AS1 expres-
sion was detected in endometriotic tissues and cells. In
vitro experiments further demonstrated that DHRS4-
AS1 inhibited EC-ESC proliferation, migration, and
invasion and promoted apoptosis by modulating miR-
139-5p. The target gene of miR-139-5p was predicted
to understand the molecular mechanism by which
miR-139-5p regulates the behavior of EC-ESCs. We
ascertained that ARRDC3 is a direct target of miR-
139-5p. As ARRDCS3 plays a vital role in regulating cell
proliferation, migration, and invasion [52,53], miR-
139-5p may regulate EC-ESC proliferation, migration,
invasion, and apoptosis by regulating ARRDC3
expression. To our knowledge, the current study is
the first to comprehensively examine the expression
and function of DHRS4-AS1 in endometriosis. In
addition, the present study is the first to reveal
a relationship between IncRNA DHRS4-AS1 and
miR-139-5p. Importantly, the current study obtained
EC-ESCs using a previously described method to serve
as an in vitro cell model for endometriosis, which
conferred additional reliability to the results of the
current study.

It is worth noting that the current study has several
limitations. First, the clinical sample size for endome-
triosis was small; therefore, the reliability of the results
would have been improved by expanding the sample
size. Additionally, a control group of patients with
uterine fibroids was utilized instead of healthy
women. An in vivo model was not constructed for
these experiments. In future studies, these limitations
will be addressed by further expanding the number of
samples and refining the experimental protocols to
further understand the mechanism of the DHRS4-
AS1/miR-139-5p/ARRDC3 axis in endometriosis.
The correlation between IncRNA DHRS4-AS1 expres-
sion and clinicopathological parameters of patients
with endometriosis will be investigated in a future
study.

In summary, this study is the first to reveal that
DHRS4-AS1 is involved in endometriosis through
regulating EC-ESC proliferation, migration, invasion,
and apoptosis via the miR-139-5p/ARRDC3 axis
(Supplementary Figure 1).

Conclusion

These results demonstrated that IncRNA DHRS4-AS1
may protect against the development of endometriosis



by regulating the miR-139-5p/ARRDC3 axis, provid-
ing a novel target for the treatment of endometriosis.

Research highlights

(1) DHRS4-AS1 expression levels decreased, while
miR-139-5p expression levels increased in
endometrial tissues and cells.

(2) DHRS4-AS1 inhibits proliferation and pro-
motes apoptosis of EC-ESCs by targeting
miR-139-5p.

(3) DHRS4-AS1 suppresses EC-ESC migration
and invasion by sponging miR-139-5p.

(4) ARRDCS3 is a target gene of miR-139-5p.
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